The origin of the register for the mentally subnormal has already been described (Innes, Kidd, and Ross, 1968) and in the present paper we report on the results of a cytogenetic survey of these individuals. The survey formed part of a comprehensive study on biochemical, social, psychological, and family aspects of the registered individuals. These other results will be presented elsewhere.
of Genetics and Medicine, University of Aberdeen Summary. A cytogenetic survey of the complete population of mentally subnormal in the North-East of Scotland has been undertaken. A register for the mentally subnormal within the region already existed, and all persons recorded, whether they resided at home or in subnormality hospitals or other institutional care, were included. The total number recorded was 3020 and of these 2770 were examined cytologically. In all 297 (10.7%/) were shown to have a chromosomal abnormality, and of these Down's syndrome accounted for 250 (9%). Within this category was an unexpected excess ofmales. Deletions and supernumeraries comprised the remaining autosomal anomalies. Increased numbers ofsex chromosome abnormalities among high grade mentally subnormal individuals were confirmed for both sexes. The survey has shown that abnormal chromosome complements contribute significantly to the causation of mental retardation, and has also provided estimates which cannot be obtained from hospital surveys alone.
The North-East of Scotland is for several reasons an area particularly suitable for epidemiological studies. First, the population at the time of the survey was relatively static and any migration has been largely within the region. Secondly, the principal hospital facilities of the former NorthEastern Regional Hospital Board are centred in Aberdeen, where the University is also situated. The main disadvantage is that the population of 480 000 is scattered over a large area of the mainland and the northern isles of Orkney and Shetland.
The origin of the register for the mentally subnormal has already been described (Innes, Kidd, and Ross, 1968) and in the present paper we report on the results of a cytogenetic survey of these individuals. The survey formed part of a comprehensive study on biochemical, social, psychological, and family aspects of the registered individuals. These other results will be presented elsewhere.
295
All persons on the register were included, whether they resided at home or in subnormality hospitals or other institutional care. The availability of beds and the policy regarding admission should not, therefore, affect ascertainment. Some individuals in fact changed their placement during the course of the survey. However, facilities for the identification and care of the retarded, which are closely linked functions, have been developed at different rates in the various counties within the region. In the more remote areas also, there is little incentive to notify such ind-ividuals, especially when high grade. These people are often accepted in rural communities and gainfully employed. Such factors will lead to under-ascertainment, again, particularly for the high-grade individual who has left school and also for preschool children with mild defect who may not be recognized unless other malformations are present. In contrast, notification is likely to be most complete in the City of Aberdeen because of the early provision of facilities, culminating in the opening of a special school in 1956 , and in the whole area, for those of school age. The final number of those included in the survey Speed, Johnston, 
Methods
In all cases chromosome preparations were made from short-term cultures of lymphocytes. Blood samples, 5 to 10 ml, were obtained and placed in sterile 10 ml tubes containing heparin. For young children, where only capillary blood could be obtained, tubes containing 2 ml tissue culture medium were used. The delay in arrival of samples at the laboratory was dependent on the area of collection but was sometimes as long as three days. After the initial culture had been made, the remainder of the sample was stored at 10 to 15°C, to allow repeat cultures to be set up if required. This was important in view of the geographical scatter of the individuals.
Whole blood, 0.4 ml, was added to 4.0 ml tissue culture medium (TC199), with 1.0 ml autologous serum and 0.1 ml phytohaemagglutinin (Wellcome) . Duplicate cultures were set up, so that if the first, harvested after 72 hours at 370 C, failed, the second could be processed. Slides were made by standard procedures, and a minimum of 10 cells was counted. Initially, two cells in each case were photographed and karyotyped. Later it was considered adequate to analyse visually only two cells which were also photographed, but not karyotyped, and the negatives stored for future reference. Abnormal complements were still karyotyped, except for trisomy 21. In cases with more than one cell line at least 30 cells were scored. Cultures showing an abnormal pattern were repeated wherever possible, except for standard trisomy 21. Where appropriate, autoradiography, C-, G-, and Q-fluorescence banding techniques were used (Paris Conference, 1971) .
For the sex chromosome abnormalities, where peripheral blood cultures had been used as the initial method of investigation, sex chromatin was examined when a second sample of blood was obtained. A modification of the buccal smear technique of Moore and Barr (1955) was used.
Results and discussion Table I shows that of the 3020 individuals included in the survey, 1693 were males. Chromosome results were obtained in 1565 males (92.4%) Table IV and appear to indicate an excess of males. In the largest series of Fabia and Drolette (1970) and in that of Collmann and Stoller (1963) , both of whom attempted complete ascertainment, the sex ratio is unaltered. It should be Lindsjo (1974) , and Record and Smith (1955) . Preferential admission of males to hospital, which we have shown to occur, cannot be the explanation for the high sex ratio either in these two or in our series. What is known, is that there is an excess mortality among females, particularly in early childhood which may be the result of congenital heart disease (Carter, 1958; Record and Smith, 1955; Collmann and Stoller, 1963; Fabia and Drolette, 1970) . Whether there is a similar differential viability in utero is yet to be determined. One interesting cluster of 8 patients, including 2 pairs of sibs, occurred on the Island of Yell, the second most northerly of the Shetland Isles with a population of 1150. These had already been identified clinically by Ross, Innes, and Kidd (1967) . The incidence of 6.94 per 1000 individuals is nearly seven times greater than the rate in the newborn on the Scottish mainland (-1.0 per 1000 (Jacobs et al, 1974) ). We suspected inheritance of the translocation type of Down's syndrome. On chromosomal analysis, however, only the standard trisomy has been found, but there was a significant increase in the maternal age of the 6 mothers.
Over the whole series an increased average parental age is evident. The mean maternal and paternal ages are, respectively, 35.3 and 37.9 years, excluding those patients with mosaicism. The (Mikkelsen, 1971 Blank et al, 1962; Kaffe, Hsu, and Hirschhorn, 1974) .
The figure of 4.0% for mosaics among the Down's patients in this survey is higher than those of 2.3% and 2.1% derived from combined series by Engel et al (1970) and Richards (1969) , but similar to the figure of 3.8% of Newton et al (1972a) . The figure, using the apparently unselected larger series, is 2.5% (Table V) 
Three cases were sporadic. One aged 11 had features typical of the syndrome and deletion of 30% of the short arm (Fig. la) found in adult patients (Breg et al, 1970) . The third, born in 1944, is merely retarded without any physical pointer to the diagnosis. It may be significant that in this third patient the deletion is the smallest, approximately 20% (Fig. lb) compared with 50% in the other adult (Fig. 1c) . This is in contrast to the report of Miller, Warburton, and Miller (1969) that there is a consistency in the clinical findings despite variation in size of the deletion. These patients appear to have been detected clinically and with this mode of ascertainment an element of selection is probably involved.
Two of the five individuals are sibs and show the usual features found in childhood. The deletion is of one-third of the short arm (Fig. Id) . Their mother and her sister proved to be balanced translocation heterozygotes (Fig. 2) (Fig. 3a) 46,XX,18p -. One patient, born in 1940, had a deletion involving most of the short arm of chromosome 18 (Fig. 3b) . The rest of the chromosome complement appeared normal. Her birthweight was 1814 g, and maternal and paternal ages were 31 and 30 years, respectively. Though she is retarded (IQ 43 W.A.I.S.) and of short stature (height 156 cm, span 148 cm), she does not have other features suggestive of the 18p -syndrome. Such variation has been noted previously (Hamerton, 1971) . Serum levels of IgA, IgG, and IgM were normal and no organ specific or non-specific antibody was detected. Blood group data (Dr Ruth Sanger, 1973, personal communication) showed no unusual findings.
Her niece is also retarded but, though she shows some features suggestive of 18p -syndrome, banding studies showed a normal karyotype for her as well as for the proband's parents. A detectable translocation is, therefore, not responsible for the familial occurrence of retardation.
There were, therefore, 7 individuals with deletions, comprising 0.25% of the survey. Jacobs et al (1974) Chromosome survey of total population of mentally subnormal in North-East of Scotland acrocentric (Fig. 4a, b) , 5 submetacentric (Fig. 4c) , somes was the presence of satellites. The two and 2 rings (Fig. 4d) . Two of these cases showed acrocentrics bore satellites on their short arms and 4 mosaicism, one ring being present in 7500 of the of the submetacentrics at the ends of both arms. cells, and one submetacentric in 2220, of the cells These showed metaphase association with the norexamined. mal D and G group chromosomes of the comple-A feature of 6 of the 9 supernumerary chromo-ment as did 1 of the 2 ring chromosomes, and all (Fig. 4a) . In one submetacentric G banding indicated that the extra element was probably derived from a chromosome No. 15 (Fig. 4c) . This element closely resembles the supernumerary chromosome reported by Watson and Gordon (1974) , who also review 3 other cases of partial trisomy 15, identified by G banding.
There are a number of published reports where extra abnormal small chromosomes have been described either in sporadic cases or in families. In a survey of 1255 retarded individuals, Newton et al (1972a) found 4 patients with supernumerary chromosomes which resembled those detected in this survey. In 1, the clinical features were those of the cat's eye syndrome (Schachenmann et al, 1965) , but in the others no definite syndrome was recognized. In a survey of newborn, Walzer, Breau, and Gerald (1969) reported 3 apparently normal babies who possessed an additional metacentric chromosome, frequently with satellites and showing association with other satellited chromosomes. These newborn cases were included in a combined series tabulated by Jacobs et al (1974) where the frequency of supernumerary chromosomes in the newborn was 0.02%. This compares with the frequency of 0.28% in a retarded group studied by Jacobs, Frackiewicz, and Law (1972) and with the 0.32% in the present survey. The newborn survey data taken in conjunction with the surveys of the mentally subnormal suggest that their high frequency in the latter group may well be related to the subnormality. III: Sex chromosome abnormalities A. Chromatin positive males. There were 19 males with at least one extra X chromosome. This corresponds to 19/1565 or 12.1/1000 of chromatin positive individuals. Of these, 11 showed 47,XXY chromosomes (7/1000) and a further 4 were mosaic for 46,XY/47,XXY. The remaining 4 comprised 2 with a 48,XXYY karyotype, one with a 48,XXXY and one mosaic with a 48,XXXY/ 49,XXXXY complement (see Table VI ). The mean maternal age of the individuals with 47,XXY chromosomes was 32.3 years and the paternal age 31.8 (1969) of 9.4/1000 on combined series. In a regional survey of hospitals for the subnormal, Hunter (1969) found 0.81 % chromatin positive males. More recently, Casey et al (1973) using data from a combined series quoted a frequency of 0.9% for all chromatin positive males with 0.6% for those shown to be 47,XXY. The series are not homogeneous, and include, for example, data from the State Institution at Carstairs . Nevertheless, there is general agreement that about 0.9% of males in subnormality hospitals are chromatin positive. Most of these have a 47,XXY karyotype and are found in the high grade group. This was the reason Newton et al (1972b) suggested for the low frequency, 0.43%, which they found in their survey, where one-third of the male patients had a low IQ (less than 20). In the present series only 4 of the 15 individuals with either XXY or XY/XXY chromosomes had an IQ below 50, supporting the view that most of those who are subnormal will be found in the high grade group. That the actual IQ level is not the only factor involved in placement is shown by the fact that XXY and XY/XXY individuals in the 20 to 49 IQ range are living at home.
Another point is that there were in the subnormality hospitals only 2 XXY and 2 XY/XXY patients out of a total of 421 (0.95%). While 2 XXY individuals were in psychiatric hospitals (Table VII) , the remaining 9 were at home (0.96% (Barr et al, 1969) . Of the 5, 3 were in institutions (Table VIII) Increased numbers of sex chromosome anomalies among high grade, mentally subnormal individuals of both sexes were confirmed. There were 25 males (1.60)); 6 were 47,XYY, 11 were 47,XXY, 4 were 46,XY/47,XXY, and 4 had 48 or 49 chromosomes.
Of the 25, only 7 (including one XYY) had an IQ below 50. One 48,XXXY and one 48,XXYY also had IQ's above 50 and, together with the other 48,XXYY, were living in the community. Only 5 chromatin-positive individuals were in subnormality hospitals, a further 2 were in psychiatric hospitals, while 12 were living at home. Extrapolation of data derived solely from subnormality hospitals regarding the numbers of individuals with Klinefelter's syndrome in the community should, therefore, be approached cautiously.
Additional X chromosomes were found in 6 females (0.5 O), 1 with 48,XXXX and 5 with 47,XXX. The former and one of the latter had an IQ below 50.
This survey has shown that chromosome abnormalities contribute significantly to the causation of mental retardation. Down's syndrome provides the most easily recognizable syndrome, but others can sometimes be identified by careful examination. The striking increase of constitutional chromosome anomalies among the mentally retarded is perhaps best seen in comparison with the incidence of chromosome anomalies in the unselected live newborn, where allowance must be made for the high infant mortality in the autosomal trisomies. A summary of the data is compared in Table IX with those recently reported for an Edinburgh series of liveborn babies (Jacobs et al, 1974) . Table IX shows that among the sex chromosome abnormalities, Klinefelter's syndrome has the greatest liability to retardation (approximately a sevenfold increase) while there is a threefold increase in the 47,XYY and 47,XXX individuals. Among the autosomal anomalies, the well-established large increase in the incidence of trisomy, and mosaic trisomy, G, characterizing the Down's syndrome patients, and the aneuploid rearrangements (deletions) associated with the cri du chat syndrome is evident. There is a very significant (a thirtyfold) excess of individuals with an additional small supernumerary chromosome. Aside from mental retardation, the supernumerary chromosomes do not appear to be associated with any other characteristic phenotype. One negative finding worthy of comment is the absence of euploid structural rearrangements of the autosomes in our series. Jacobs et al (1974) detected such rearrangements in 0.19% of the newborn population and had previously reported an incidence of 0.33% in postnatal populations, including their retarded groups (Jacobs et al, 1972) . The failure to detect such anomalies in our series was surprising and whether this was the result of chance, technical reasons, or is of biological significance, is not known.
